Librodor japonicus (Motschulsky) is distributed throughout the satoyama forests in Japan, and inhabits the saps of oak trees all its life. Although the beetle is a potential indicator of bio-resource abundance in the satoyama forests, the life history traits and seasonal abundance have not been studied. In this study, first, the seasonal abundance of L. japonicus was investigated using banana bait traps in Okayama City in 2002. Two peaks of abundance were found: a large peak from April to June and a small peak from August to September. The beetles oviposited on banana slices, and a successful artificial rearing method was established using only banana slices and leaf mold. The effect of temperature on the survival rate, adult size and developmental period was examined at different temperatures. The survival rate and the adult size tended to be greater at 25°C than at other temperatures. The thermal thresholds and thermal constants calculated from egg to adult development were 5.6 and 5.9°C and 1,010.9 and 1,022.0 degree-days for females and males, respectively. On the basis of these developmental parameters and the seasonal abundance of L. japonicus, the number of generations per year in Okayama, Japan, was estimated to be one.
INTRODUCTION
The agricultural landscapes in Japan, usually called "satoyama," have traditional and historical value, and they provide a variety of habitat types for wildlife, helping to maintain the rich biodiversity of the Japanese countryside (Fukamachi et al., 2001; Washitani, 2001; Kobori and Primack, 2003) . However, urban developments, changes in forest conservation, and the reduced rice production policy of the Japanese government, together with modernized agricultural schemes, have altered the rural landscapes drastically (Fukamachi et al., 2001) . Therefore, the public interest in conserving and restoring satoyamas has increased recently (Washitani, 2001; Takeda et al., 2006) . Typical satoyama forests are secondary forests that are dominated by Quercus variabilis, Q. acutissima, and Q. serrata, and are distributed throughout Japan (Kato, 2001) . The satoyama forest is endowed with varied microhabitats that harbor a high diversity of insects (Kato, 2001) , such as a great number of moth species feeding on Q. variabilis, Q. acutissima, and Q. serrata (Teramoto, 1996) , many species of lycaenid butterflies that inhabit the forest canopy (Ishii et al., 1993) , and insects attracted to sap exuding from the trunks of trees (Yoshimoto et al., 2005) . Insect fauna are expected to be useful to conserve and assess of the biodiversity of satoyamas (Kato, 2001; Takeda et al., 2006) .
More than 100 species of insects are attracted to sap, and they belong to various taxa with different ecological characteristics, such as stag beetles, butterflies, and hornets (Yoshimoto et al., 2005) . Although the group comprises mostly adult stages and most of their larvae feed on foods other than tree sap, a few species such as the nitidulid beetle feed on sap in their immature stages (Kurosawa et al., 1985; Kato, 2001; Okada and Miyatake, 2004) . A comparative quantitative observation showed that nitidulid beetles are abundant in this fauna (Yoshimoto et al., 2005) .
Therefore, nitidulid beetles might have the potential to reflect the bio-diversity and resource abundance of satoyama forests, but no study has been conducted on the life history or developmental characteristics of the nitidulid beetles. Observations of and experiments with nitidulid beetles in laboratory have been difficult because they inhabit the special environment of sap sites in their immature and mature stages (Kurosawa et al., 1985; Okada and Miyatake, 2004) . Although ten or more nitidulid beetle species are found at the sap sites (Kurosawa et al., 1985) , quantitative investigation of sap sites has shown that Librodor japonicus (Motschulsky) is one of the most abundant species (Yoshimoto et al., 2005) . L. japonicus is distributed throughout Japan except the Ryukyu archipelago (Kurosawa et al., 1985) . The larvae grow on sap sites, and the adults are easily trapped with banana (Okada and Miyatake, 2004) . Thus, the basic lifehistorical data of the common sap beetle in Japan may provide the significant information about the resources of satoyama forests. Previous behavioral studies for L. japonicus showed that the male (Fig.  1G ) possesses a larger mandible than the female (Fig. 1H ) and male-male fighting occurs at sap sites on Q. variabili (Okada and Miyatake, 2004, 412 K. OKADA and T. MIYATAKE 2007; . However, no study has been conducted on the life history, development, and seasonal abundance of L. japonicus.
In the present study, we first investigated the seasonal abundance of L. japonicus with banana bait traps. Secondly, we established a rearing method for L. japonicus using banana slices as an alternative food source. Lastly, using the rearing method, we estimated thermal threshold and thermal constant, and discussed the life history of L. japonicus in satoyama forests.
MATERIALS AND METHODS
Beetles and trap. Adult beetles were collected in the fields with banana traps: a clear plastic bottle (500 ml) containing fermented banana fruit (35 g). Thirteen traps were placed on the trunks of Quercus trees from April to October 2002, near Handayama Hill in Okayama City (133°54Ј53ЉE, 34°41Ј39ЉN). Primarily Q. glauca, Q. serrata, and Q. variabilis grow at these sites. Adults collected were used for experiments in the laboratory. The length of the prothorax of each adult was measured to the nearest 0.01 mm with a dissecting microscope monitoring system (VM-60; Olympus, Tokyo, Japan).
Rearing method and development at different temperatures. In the laboratory, females of L. japonicus oviposited in the space between the skin and flesh of the banana fruits (Okada and Miyatake, 2004) . One male and one female were reared on sliced banana fruit placed on filter paper (5 cm diameter) in plastic cups (7 cm diameter, 2.5 cm height) in a chamber kept at 25°C and 60% relative humidity. The banana slice and filter paper were replaced every other day. Eggs were removed from the banana slice and transferred to a wet filter paper in a plastic cup every day. Each newly hatched larva was placed in a cup as described above. The banana slice and filter paper in the plastic cup were replaced every 3 days. To obtain the pupae used for the present experiments, each final (ϭthird) instar larva was placed on sliced banana fruit and filter paper placed on leaf mold (10 g) in a plastic cup. The experiments to examine developmental periods were carried out in chambers kept at 20, 22.5, 25, 27.5, or 30°C and on a 16L:8D photoperiod. Developmental periods were determined by observation at 24 h intervals. The length of the prothorax of each adult was measured as described above.
Statistical procedures. The sequential Bonferroni method (Rice, 1989) was applied after the chisquare test to compare the hatchability and survival rate at the different temperatures. To examine which effect, temperature or sex, affected the adult size and developmental period, we used two-way ANOVA with temperature and sex effects as explanatory variables, and treatment means were compared using a Tukey-Kramer test (SAS Institute, 1998). Two-way ANOVA, with the prothorax length as the dependant variable and rearing condition (reared or captured by trap) and sex as explanatory variables, was used for the comparison between adult sizes. Thermal constants and thermal thresholds were obtained from the regression lines of 1/D against T, where D is days required to complete a stage and T is temperature in °C.
RESULTS
Three-hundred forty-six beetles were captured by 13 traps from April to October 2002. Figure 2 shows the seasonal abundance of L. japonicus at the 13 banana bait traps. Two peak abundances were found: a large peak occurred from April to June and a small peak from August to September (rain caused the sudden decrease observed in the middle of May in Fig. 2 ). This species could be reared through all developmental stages with only banana fruit. Collected L. japonicus females oviposited mainly in the space between the skin and flesh of the banana fruit (Fig. 1A) . Figures 1B, C, and D show first, second, and third instar larvae, respectively. First instar larvae possess three pairs of sensory hairs on the caudal portion (Fig. 1B) , al-413 Life History of L. japonicus though their adaptive function is not known. Second and third instar larvae lack these hairs (Fig.  1C, D) . The third instar larvae pupated in leaf mold placed in plastic cups (Fig. 1E ). After adult emergence, the body coloration changed from brown to black during the teneral stage (Fig. 1F) . Table 1 shows the hatchability and survival rate of each developmental stage under different temperatures. Although no significant difference was found in hatchability and survival rate among the five temperatures, the survival rate tended to be higher at 25°C than at the other temperatures in all developmental stages. Two-way ANOVA showed that the effects of temperature and sex significantly affected the prothorax length of reared adults, but the interaction effect of temperatureϫsex was not significant (temperature effect, F 4,98 ϭ10.4, pϽ0.0001; sex effect, F 1,98 ϭ30.0, pϽ0.0001; temperatureϫsex effect, F 4,98 ϭ0. 98, pϭ0.42) , and that prothorax of males was significantly larger than that of females when they were reared under any temperatures ( Table 2 ). The prothorax of females was significantly larger at 25°C than at 20, 27.5, and 30°C, and of males at 25°C than at 20 and 30°C (Table 2) . Two-way ANOVA, which was conducted to compare the adult size between reared at 25°C and captured by traps, showed that the effect of rearing condition significantly affected the prothorax length, but the effect of sex and the interaction effect of temperatureϫsex were not significant (rearing condition effect, F 1,371 ϭ16.4, pϽ0.0001; sex effect, F 1,371 ϭ3.09, pϭ0.08; rearing conditionϫsex effect, F 1,371 ϭ3.33, pϭ0.07). The prothorax of both sexes reared at 25°C were significantly larger than those captured by traps; mean prothorax lengths (mm) of reared female and male were 2.54Ϯ0.11 (SD) and 2.69Ϯ0.13, respectively (see Table 2 ), and those of captured female (nϭ217) and male (nϭ129) were 2.44Ϯ0.21 and 2.43Ϯ 0.25, respectively. Figure 3 shows the relationships between temperature and developmental period and between temperature and the developmental rate of eggadult for both sexes. No significant difference was found in hatchability and survival rate among the five temperatures (Table 1) . Therefore, the regression equations of developmental period on temperatures, and the values of thermal threshold and thermal constant calculated for each developmental stage using the data from 20 to 30°C are shown in Table 4 . The thermal thresholds from egg to adult of female and male were 5.6 and 5.9°C, respectively, and the thermal constants from egg to adult of female and male were 1,010.9 and 1,022.0 degree-days, respectively. However, the plots of 20°C deviated from the regression line in both sexes (Fig. 3) , suggesting that the growth may have been constricted at low temperature. If we adopted the data without 20°C, the thermal thresholds from egg to adult of female and male were 2.2 and 1.3°C, respectively, and the thermal constants from egg to adult of female and male were 1,368.2 and 1,240.5 degree-days, respectively.
DISCUSSION
Adults of Librodor japonicus had two seasonal peaks in abundance in Okayama: the first was a large peak occurring in spring, i.e., from April to June, and the second was a small one occurring in the late summer, i.e., from August to September 415 Life History of L. japonicus Fig. 3 . Relationship between temperature and developmental period (ᮀ) and between temperature and developmental rate (᭹) of egg-adult in male and female L. japonicus. (Fig. 2) . Hirano (1971) noted that this species overwinter in adult stage in mainland Japan, and thus the adults of the first peak in spring observed in the present study may be an overwintering population. Mean temperatures in Okayama city were 23.6°C in June and 28.5°C in July 2002 (Japan Meteorological Agency, 2006) . Based on the present calculations of thermal constants and thermal thresholds, it is predicted that eggs laid at the beginning of June reached adulthood at the beginning of August. Therefore, adults observed in the second peak in autumn may be first generation adults. In conclusion, the number of generations per year in L. japonicus should be one in Okayama City, in the western part of mainland Japan. However, because the number captured by traps may not necessarily reflect the population in the field, the numbers trapped by bait traps should be compared with the number collected at sap sites in the future.
The survival rate at 25°C tended to be higher than that at other temperature conditions (Table 1) . The prothorax length was larger at 25°C than at other temperatures in both sexes (Table 2 ). These data suggest that 25°C is suitable for growth in L. japonicus. Another study showed that an optimal temperature for rearing the nitidulid beetle species Carpophilus humeralis and C. mutilatus ripening stone fruit, is 25°C (James and Vogele, 2000) .
The thermal constant from egg to adult for L. japonicus is higher, while the thermal threshold is lower than that of other nitidulid beetles (James and Vogele, 2000; Tsukada et al., 2005) . The thermal constant from egg to adult for three Carpophilus species ranged from 260.4 to 320.0 degree-days, and the thermal threshold ranged from 14.6 to 15.4°C under a constant temperature (James and Vogele, 2000) . The thermal constant from egg to adult for Haptoncus ocularis, a pollinator species, was approximately 250 degree-days, and the thermal threshold was approximately 10°C under a constant temperature (Tsukada et al., 2005) . The thermal threshold of L. japonicus calculated in the present study was lower than these temperatures. This may be caused by the difference of habitat between this beetle that feeds on sap (Okada and Miyatake, 2004) and Haptoncus ocularis and Carpophilus species that feed on fruits (Kurosawa et al., 1985; James and Vogele, 2000) . Kiritani (1997) reported that the thermal constant from egg to adult for 27 Coleoptera species was 540.8Ϯ461.6 (meanϮSD) degree-days, and the thermal threshold for 36 Coleoptera species was 10.4Ϯ2.4°C. The values of thermal threshold for almost developmental stages approximately ranged from 5 to 10°C, whereas thermal thresholds of 2nd and 3rd instar larvae of female were remarkably 416 K. OKADA and T. MIYATAKE low, and correlation coefficients were low in these regression equations (Table 4 ). The error might be caused because of the small sample size. It may be necessary to reexamine these values with a larger data set. The adults and larvae of L. japanicus required only banana fruit for rearing, and were reared successively through at least four generations with this rearing method (K. Okada, unpublished data). The prothorax of individuals reared at 25°C was significantly larger than those captured by traps. The beetle is easy to capture with banana fruit as bait , and the banana trap used in the present and another study (Okada and Miyatake, 2004 ) is ideal to monitor the occurrence and to estimate population parameters. In addition, L. japonicus is distributed throughout mainland Japan (Kurosawa et al., 1985) , although the abundance of L. japonicus may be dependent on the quantity of tree sap in satoyama landscapes, and this will be examined in the future. Therefore, this beetle may have potential as a biological agent for assessment of the environmental of satoyama forests in Japan.
